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Abstract
Although the use of plastic in packaging has largely increased, consumer research consistently indicates that consumers attach a 
high quality perception to glass packaged products. The goal of this study was to examine individuals’ recognition and affective 
judgments of 30 food packages after visual and haptic exploration. We included packages of three food products that are more 
often packaged in glass (wine, honey, chocolate cream) and three products that are usually plastic packaged (yogurt, milk, juice). 
For each product, five packages were used: a glass package; a transparent plastic package with a shape similar to the glass 
package; a transparent plastic package with a shape different from the glass package; a non-transparent plastic package; a plastic 
package with a very unusual shape. 30 participants were randomly assigned to three conditions: visual, haptic, and visual + haptic 
exploration. The visual group watched the packages while their eye-movements were recorded, whereas participants of the other 
two groups were video-recorded and haptic Exploration Procedures were coded. All participants were asked to name each 
package and to rate how much they liked it. Moreover, they blind tasted 20 products and were asked to judge liking and quality. 
Participants were unaware that, for each food category, they were tasting the exact same product repeatedly. The results show
that pleasantness judgments were higher for glass packages than for plastic packages. Similarly, participants reported to like the 
products they believed to come from glass packages more than products contained in plastic packages. Unusual shapes required 
longer visual and haptic exploration, were overall rated as less pleasant and containing the lowest quality products. The 
implications for packaging material, shape and design are discussed.
© 2015 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of AHFE Conference.
Keywords: Packaging; Affective judgement; Haptic exploration; Eye movements
* Corresponding author. Tel.: +39 02 7234 2585; fax: +39 02 7234 2280.
E-mail address: stefania.balzarotti@unicatt.it
  e uthors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of AHFE Conference
2252   S. Balzarotti et al. /  Procedia Manufacturing  3 ( 2015 )  2251 – 2258 
1. Introduction
Today most food and drink products are offered to consumers in a wide range of packaging alternatives made 
from different materials, in different sizes and shapes. Several important issues are considered by both consumers 
and companies when choosing packaging for food: the ability of the package to preserve the food’s quality and 
freshness, pleasant image and appeal, correct product identification, easiness to store and distribute, and 
environmental impact [1,2,3,4]. In recent years, moves have been made to replace glass with plastic for packaging, 
as glass í ZKLOHEHLQJH[FHOOHQWDWSURWHFWLQJIRRGTXDOLW\íLVKHDY\DQGFDQEUHDN2QHRIWKHPDLQUHDVRQEHKLQG
the adoption of plastic is the potential environmental benefit of shipping lighter containers, which reduces carbon 
footprint through savings in the transport chain [2]. Although extensive research has investigated packaging 
interactions, defined as the interplay between packaging material, food characteristics (e.g., aroma and flavor 
constituents) and the environment (e.g., light, temperature) [5,6,7], little is known about consumers’ perceptions of 
glass vs. plastic packaged products, as well as about affective judgments and acceptance of plastic packages 
designed for food products that are conventionally glass packaged, such as olive oil, beer and wine.
Related evidence comes from studies showing that visual and haptic characteristics of food packages are able to 
influence peoples’ sensory (i.e., taste experience) and hedonic responses (i.e., pleasantness) to the contents by means 
of the so called cross-modal correspondence, that is, the individuals’ tendency to make associations between 
different sensory domains, such as taste and touch, or vision and taste [4,8,9,10,11]. Some recent studies have 
focused on haptic or touch-related properties (e.g., weight, firmness, and texture) of food packaging, examining the 
effects of different packaging materials on taste experience and quality judgments [4,12,13,14,15]. For instance, it 
has been found that weight influences the perception of density, so that the heavier the container, the denser a 
strawberry yogurt is perceived to be [15]. The firmness of a cup in which water is served has been shown to affect 
consumers’ judgments of the water itself [13]. Another study found that participants judged pieces of digestive 
cookies as crunchier if the texture of the container was rough/granular rather than smooth [14]. These results suggest 
that haptic cues provided by food containers can also influence our in-mouth perception of its textural properties, as 
well as our affective and quality judgments. 
Another bulk of research has shown that visual characteristics of food packages such as shape and color influence 
individuals’ responses to the contents, as well as their judgment about the quality of products ([12,13] for a review 
see [9]). Some studies have found that rounded shapes enhance sweetness while angular shapes lead to perceive 
contents as more bitter/sour [17]. Other studies have shown that taste experience is rated as less pleasant if the shape 
of the container is incongruent rather than congruent with the individual’s everyday experience of the product 
[16,18] í as individuals tend to like familiar stimuli more than unfamiliar ones [19].
1.1. The present study
The main goal of the present study was to examine individuals’ identification and affective judgments of glass vs. 
plastic packaged products after visual and haptic exploration. Glass and plastic containers have different visual 
(shape, transparency) and haptic (e.g., weight, hardness, texture) properties [7], which can be expected to influence 
consumers’ perceptions of both packages and contents.
Specifically, we sought to understand whether consumers’ identification and evaluations of food containers was 
influenced by the type of material (glass vs. plastic) depending on two variables. First, the type of product: Some 
food products such as wine are in fact commonly sold in glass containers, while other products such as milk or juice 
are more often packaged in plastic containers. Second, we manipulate two visual properties of plastic containers,
examining whether individuals’ identification and affective judgments depend on shape and transparency. 
Concerning product identification, we examine whether glass containers are more accurately and more easily 
(faster) identified during visual and/or haptic exploration than plastic containers. We also assess whether glass and 
plastic containers are identified by means of similar visual (i.e., eye movements) or haptic (i.e., hand movements)
exploration patterns.
Concerning affective judgments, we test whether glass packages are rated as more pleasant than plastic packages, 
as well as whether the contents of glass containers are judged as more pleasant and higher-quality products than the 
contents of plastic containers. Glass is heavier and harder than plastic, and it is generally known to protect food 
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quality effectively. According to prior literature linking positive affective judgments to familiarity [16, 18, 19], 
however, we hypothesized that individuals would rate glass containers as well as the products within as more 
pleasant only if judging products that  in their experience  are more often glass packaged than plastic packaged. 
2. Method
2.1. Participants
The sample consisted of 30 undergraduate students (age: M = 23.33, SD = 1.61, 85% women) from different 
disciplines, including psychology (80%), education (10%), and economy (10%). All subjects were Caucasian. 
Participants were recruited at the Catholic University of the Sacred Heart in Milano, Italy, they were volunteers and 
received no credit or compensation for their participation in the study.
2.2. Stimuli
Thirty food packages were used as experimental stimuli. We included two main food categories [Type of 
Product]: three food products that are more often packaged in glass (Typically-Glass-Packaged: wine, honey, and 
chocolate cream) and three products that are usually plastic packaged (Typically-Plastic-Packaged: yogurt, milk, and 
pear juice). For each product, five containers were used [Type of Package]: 1) a glass container; 2) a plastic 
container very similar to the glass package (i.e., very similar shape and transparency); 3) a plastic container similar 
to the glass container in color (transparent) but with a different shape; 4) an opaque plastic container; 5) a plastic 
container characterized by a very unusual/unfamiliar shape (see Figure 1 for an example). Labels and information 
about the brand were removed from all containers.
2.3. Experimental conditions and procedure
Participants were tested individually in a quiet and comfortably lit room. Upon arrival, they read and completed 
a printed consent form. Participants were then randomly assigned to one of three experimental groups. Participants 
in the visual group (N = 10) were shown high-resolution pictures of the stimuli while their eye-movements were 
recorded. Pictures were presented on a 19-inch monitor. Participants in the haptic group (N = 10) were asked to 
touch the containers and, before starting the exploration, the experimenter covered the participants’ eyes with a 
blindfold. Participants in the visual + haptic group (N = 10) were allowed to both see and touch the packages. 
Participants of the haptic and visual + haptic groups were video-recorded. In all conditions, the order in which 
stimuli were presented was counterbalanced.
After watching each package, participants were asked to name the product (identification) and to rate how much 
they liked the container (pleasantness). They also blind tasted 20 products (pear juice, yogurt, wine and chocolate 
cream) and were asked to judge liking and quality. Participants were unaware that, for each type of food, they were 
tasting the exact same product repeatedly (i.e., five times, one for each type of package).
Fig. 1. Experimental stimuli: glass and plastic packages of pear juice.
1 2 3 4 5
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2.4. Measures
2.4.1. Eye movements
A Tobii X-120 eye-tracker (drift: <0.3°, accuracy: 0.5°, 120 Hz) captured the eye movements of subjects 
assigned to the visual group. Participants first calibrated to the eye tracker using a nine-point calibration procedure. 
Fixation lengths (FL) were then computed using Tobii Studio Software 2.0.8 and defining five Areas of Interest 
(AOI): the package cap; the upper, middle and lower portion of the container; the container contours.
2.4.2. Haptic Exploration
Exploration Procedures (EPs) were analyzed according to Lederman and Klatzky’s [20] coding system, which
comprises eight hand-movements people generally use during haptic object exploration: lateral motion, pressure, 
static contact, unsupported holding, enclosure, contour following, part motion test, function test. Two categories 
were added: rotation and tapping on the container surface. According to Lederman and Klatzky, haptic exploration 
procedures are used to acquire information about object properties, such as shape, volume, weight, and texture. 
Video-recordings were coded using The Observer XT 7.0 Noldus software, which also computed frequency rates 
(total number/duration) for each category.
2.4.3. Product identification and affective judgments
After watching each container, participants were asked to name the product as fast as possible (identification)
Product identification was computed as the total number of products that were correctly identified for each category
(i.e., Typically-Glass vs. Typically-Plastic Packaged). Moreover, participants were asked to rate: 1) how much they 
liked the container (pleasantness) on a 4-point Likert scale from 1(not at all) to 4 (very much); 2) how much they 
liked the food products on a 4-point Likert scale from 1(not at all) to 4 (very much); 3) the quality of the food 
products on a 4-point Likert scale from 1(low quality) to 4 (very high quality). Pleasantness and quality scores were 
computed as the sum across food products for typically glass vs. plastic packaged products respectively (scores 
ranged from 3 to 12 for containers and form 2 to 8 for contents).
3. Results
3.1. Product identification: naming, visual and haptic exploration 
Overall, Typically-Plastic-Packaged products were more accurately identified than Typically-Glass-Packaged 
products, t(29) = 5.22, p < .001. This result is not surprising, as most of the experimental stimuli (4:1) were plastic 
containers. Also, as expected, participants in the haptic group were less accurate than participants who could see the 
packages, F(1,27) = 25.47, p   Ș2 = .65. A 5[Type of Package] x 2[Type of Product] repeated measures 
ANOVA revealed a main effect of Type of Package, as participants were able to identify a lower number of 
products when the container was opaque or unusually shaped, F(4,116) = 29.87, p Ș2 = .51. The interaction 
effect was also significant, F(4,116) = 10.52, p   Ș2 = .27. Specifically, for Typically-Glass-Packaged 
products, glass containers were more accurately identified than all plastic containers, F(4,116) = 20.61, p Ș2
= .42. By contrast, when considering Typically-Plastic-Packaged products, glass containers were more accurately
identified than opaque and unusual plastic containers only, F(4,116) = 20.61, p Ș2 = .42.
We then examined how long participants explored the containers in order to identify them. In each group (visual, 
haptic and visual + haptic), a 5[Type of Package] x 2[Type of Product] repeated measures ANOVA revealed a main 
effect of Type of Product, mean F(4,36) = 8.89, p < .01, and a significant interaction effect, mean F(4,36) = 4.70, p
< .05. Typically-Plastic-Packaged products were identified faster than Typically-Glass-Packaged products, but not 
when presented in glass containers. Concerning Type of Package, unusually shaped containers required longer 
exploration than glass containers, mean F(4,36) = 3.82, p < .05.
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Fig. 2. Eye movements: Heat maps visualizing mean fixation lengths on pear juice (typically plastic packaged product) and chocolate cream 
(typically plastic packaged product) containers. Warmer colors indicate longer fixations.
Finally, we examined whether glass and plastic containers were identified by means of similar exploration 
patterns. Concerning eye-movements, a 5[Type of Package] x 2[Type of Product] x 5[Area of Interest] repeated 
measures ANOVA revealed a main effect of Area of Interest, F(4,36) = 51.82, p Ș2 = .85, with the upper 
portion of the containers being the area with longer fixations than all other areas (see Figure 2 for an example). We 
also found a significant Type of Package effect, F(4,36) = 31.71, p Ș2 = .60, with glass and opaque plastic 
containers being less fixated. The Type of Package x AOI interaction effect was significant, F(16,144) = 9.55, p <
Ș2 = .52; compared with other types of containers, participants showed longer fixations at the cap and lower 
portion of unusually-shaped containers.
Concerning haptic exploration procedures, two 5[Type of Package] x 2[Type of Product] x 10[Exploration 
Procedure] repeated measures ANOVAs were conducted to analyze hand movements of participants in the haptic 
and visual+ haptic groups. Both analyses yielded a significant Exploration Procedure main effect, mean F(9,81) = 
58.80, p Ș2 = .81. Participants in the haptic group used enclosure, contour following and function test more 
frequently than other types of movements, while participants in the haptic + visual group mainly used enclosure and 
rotation.
3.2. Affective judgments: Pleasantness of containers and contents
Descriptive statistics are displayed in Table 1.
A 5[Type of Package] x 2[Type of Product] repeated measures ANOVA revealed a main effect of Type of 
Package, F(4,116) = 37.62, p Ș2 = .57, as participants rated glass containers as more pleasant than all plastic 
containers, while opaque and unusually shaped containers were judged as less pleasant. The interaction effect was 
also significant, F(4,116) = 11.00, p Ș2 = .28. More specifically, for Typically-Plastic-Packaged products, 
participants rated glass containers as pleasant as plastic containers that were transparent and had a shape similar to 
the glass containers.
1 2 3 4 5
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Table 1. Means and standard deviations of participants’ pleasantness and quality judgments for each type of container.
Typically Glass Packaged Products Typically Plastic Packaged Products
Judgments T1 T2 T3 T4 T5 T1 T2 T3 T4 T5
Pleasantness - Container 10.07
(1.55)
6.53 
(2.14)
5.63
(2.48)
5.70
(2.50)
5.70
(2.85)
9.53 
(1.83)
8.10
(1.72)
8.70
(1.89)
8.03
(1.88)
6.70
(2.61)
Pleasantness - Content 6.30
(.88)
4.57
(1.36)
4.20
(1.35)
4.93
(1.41)
4.53 
(1.81)
5.30
(1.34)
5.23
(1.25)
5.07
(1.31)
4.70
(1.24)
4.60
(1.43)
Quality - Content 6.37
(.88)
4.30
(1.23)
4.10
(1.34)
4.63
(1.15)
4.26
(1.41)
5.47
(1.41)
5.33
(1.15)
4.93
(1.31)
4.87
(.89)
4.67
(1.26)
Note. T1 = Glass container; T2 = Transparent plastic container with a shape similar to the glass container; T3 = Transparent plastic container with a 
different shape; T4 = Opaque plastic container; T5 = Unusually shaped plastic container.
When analyzing participants’ taste experience, a 5[Type of Package] x 2[Type of Product] repeated measures 
ANOVA revealed a main effect of Type of Package, F(4,116) = 12.46, p Ș2 = .30, as participants rated the 
contents of glass containers as more pleasant than contents of plastic containers. This effect however was moderated 
by the interaction with Type of Product, F(4,116) = 8.58, p   Ș2 = .23, as for Typically-Plastic-Packaged 
products no significant differences emerged. Similar results were obtained when analyzing quality ratings. A
repeated measures ANOVA revealed a main effect of Type of Package, F(4,116) = 18.97, p  Ș2 = .40, as 
participants rated the contents of glass containers as higher-quality products than the contents of plastic containers. 
This effect however was moderated by the interaction with Type of Product, F(4,116) = 7.34, p Ș2 = .20, as 
for Typically-Plastic-Packaged products no significant differences emerged.
4. Discussion
In recent years, attempts have been made to gradually replace glass with plastic for packaging. Plastic containers 
are lighter, thus reducing carbon footprint through transportation savings [2]. Although we are used to buy some 
products such as milk in plastic containers, the perceived quality of other food products such as olive oil, beer and 
wine seems to be still associated to glass packages. For these types of food products  that are here referred to as 
typically glass packaged  the design of plastic containers that are accepted by consumers without affecting quality 
judgments seems a hard challenge. Although extensive research has shown that peoples’ sensory and affective 
responses to products may depend on the visual and haptic properties of the containers, [4,8,9] so far little is known 
about consumers’ perception and evaluation of glass vs. plastic packages. The goal of the present research was to 
address this issue.
Concerning product identification, our results suggest that glass containers are advantageous in several ways. 
First, glass containers of typically glass packaged products were more accurately identified than plastic containers. 
Second, even when considering typically plastic packaged products, glass containers were more accurately 
identified than plastic containers of type 4 (opaque) and 5 (unusual shape). Third, compared to plastic containers, 
glass containers generally required shorter exploration times to be identified, and were identified significantly faster 
than unusually shaped plastic containers. Notably, our findings suggest that very unusual shapes impair correct 
identification and also required longer (either visual of haptic) exploration times. Despite these differences in 
identification accuracy and exploration time, however, our findings indicate that all containers are identified by 
means of similar exploration patterns. Concerning visual exploration, participants’ attention mainly focused on the 
upper portion of the container, that is, on the container neck. This portion may provide functional information (e.g. 
opening) and thus be crucial to identify the product. Concerning haptic exploration, blindfolded participants mainly 
used enclosure and contour following (which are used to get information about shape and volume [20]), as well as 
function testing; participants who both watched and touched the containers used their hands to enclose the object 
and to rotate it. Only unusually shapes plastic containers significantly differed from the other stimuli, totalizing
significantly longer fixations focused on the cap and on the lower portion of the container. This result is in line with 
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previous findings about exploration time, as unusually shaped containers required longer exploration to be identified 
íDQGWKXVSDUWLcipants may have looked at additional portions of the container.
Concerning affective judgments, our results show that  overall  pleasantness judgments were higher for glass 
containers than for plastic containers, while opaque and unusually shaped containers were judged as less pleasant. 
As expected, this effect was moderated by the type of product: Glass containers were rated as more pleasant than 
plastic containers of type 4 and 5, but not of type 2 and 3 for typically plastic packaged products. These findings 
indicate that í for products that are commonly glass packaged  glass containers were preferred over all types of 
plastic. Thus, replacing glass with plastic without decreasing perceived pleasantness seems still hard for these type 
of products. However, when looking at judgments about products that consumers usually buy in plastic packages,  
the results suggest that transparency may be an especially relevant property of plastic containers designed for food,
as both plastic containers of type 2 and 3 were transparent. 
When examining participants’ affective responses to the contents after blind tasting (i.e., they were unaware that 
they were tasting the same product repeatedly), similar results emerged. Participants reported to like the products 
they believed to be contained in glass containers more than products contained in plastic vessels. Similarly, the 
contents of glass containers were judged as higher-quality products than contents of plastic containers. This effect
was moderated by the type of product, as we found no significant differences among either pleasantness or quality 
judgments of typically plastic packaged products. These results are consistent with prior studies suggesting that 
packages may influence the way consumers respond to the food within [9,12,13,17]. Specifically, participants rated 
that the wine and the chocolate cream they believed to be contained in glass packages tasted better and had higher 
TXDOLW\ WKDQ WKHZLQHDQGFKRFRODWHFUHDPWKH\EHOLHYHG WRFRPHIURPSODVWLFSDFNDJHVíHYHQ WKRXJKWKH\were 
tasting the same product repeatedly. Our findings, however, also suggest that familiarity and previous experience 
play a relevant role, as participants attached a similar quality perception to the pear juice and yogurt contained in 
either the glass or the plastic containers – as it’s very common to buy these products contained in plastic packages.
The results of this study have important implications for food packaging design. First, they suggest that very 
unusually shaped containers designed to contain well-known products may have detrimental effects on both correct 
product identification and affective judgments. Second, our findings highlight the role of familiarity and individuals’
knowledge/beliefs, as participants attached a higher quality perception to the products contained in glass packages 
than in plastic packages only if they knew that these products are commonly sold in glass (e.g. wine). Finally, eye 
movements data suggest that  independently of the type of food product  the container neck may be an especially 
relevant portion to consumers in order to identify the product.
The study also has important limitations. First, the sample was relatively small and consisted of Italian 
undergraduate students. Recently, people’s cross-modal associations between package and product properties have 
been shown to interact with contextual factors such as the cultural background of the consumer/participant [16]. 
Therefore, future studies should examine whether consumers from different cultures (countries) have built up 
different expectations concerning glass vs. plastic packaged products, leading to different perceptions and affective 
judgments. Second, we manipulated shape and transparency of plastic containers; future studies could assess the role 
of other properties such as texture and weight, testing whether the influence of the package (visual and haptic) 
properties on consumers’ quality and pleasantness judgments is mediated by sensory responses to the contents.
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